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Abstract – This paper aims to implement the prototype 
model to monitor and control the pH levels and nutrition 
plant (electrical conductivity-EC) supplied by a standalone 
photovoltaic (PV) module-connected battery (Lithium-Ion) 
on the greenhouse hydroponic systems. The pH and EC 
sensors are connected to the Arduino Uno circuit as a relay 
control to drive four pumps, i.e. the water flow pump, EC 
pump, pH up pump, and pH down pump. The greenhouse 
function to control pests and the impact of environmental 
non-uniformity caused by variation of wind speed, 
temperature, or sunlight so that hydroponic plants can grow 
in an appropriate environment. The Arduino Uno circuit 
with a 20 × 4 liquid crystal display (LCD) order four relays 
to monitor and control the four pumps of the greenhouse 
hydroponic system based on the coding which has been 
programmed previously. The prototype model is able to 
monitor and control the pH of hydroponic plant water at the 
level between 6-7 using a pH-up and pH-down sensor. This 
model is also able to monitor and control nutrition plant 
water over 1 mS/cm using an EC sensor. Finally, the 
proposed prototype is able to monitor and control EC and 
pH level to regulate plant growth in the greenhouse 
hydroponic system normally and in real-time. 
 
Keywords: Standalone PV, pH, EC, Greenhouse, Hydroponic, 
Arduino Uno 
I. INTRODUCTION 
Recently, hydroponics has become a new method of 
cultivating plants, especially various types of vegetables 
or fruit, because they do not require large areas of land 
and can be done in the yard of the house. The hydroponic 
method uses a solution of mineral nutrients and water 
without using soil media for the process of growing and 
maintaining plants. Hydroponic cultivation in 
greenhouses is now an option to overcome the constraints 
of cultivating plants in open areas i.e. attack by pests, 
wind, temperature, and sunlight which sometimes also 
interfere with the growth and development of vegetable or 
fruit plants. 
The PV module is a source of electrical power to 
operate the pH control system and the water level of 
hydroponic plant nutrients until the harvest period has 
been implemented in [1]. The proposed prototype was 
able to control the water pH level of 6-7 and the nutrition 
solution height of 18-20 cm. This model works when the 
pH sensor detects below 6 then the solenoid valve at pH-
up automatically opens and flows into the nutrition 
solution. Thus, when the sensor detects a pH of more than 
7, the solenoid valve will open and the pH-down solution 
will flow into the nutrition solution. The solenoid valve 
will close again when the sensor detects the pH in the 
range of 6-7. The water level control works when the 
ultrasonic sensor detects a value of 18 cm, the solenoid 
valve will open and the nutrition water flows into the 
nutrition bath, otherwise, the solenoid valve closes again 
when the sensor detects a value of 20 cm. However, this 
prototype did not use an EC sensor to detect the level of 
the nutrition solution in the water. The pH control and 
nutrient levels are regulated by a solenoid valve, actuated 
by a water pump, and the power is supplied by the PV 
module for 24 hours with varying tilt angles.  
The EC wireless sensor supplied by Indonesia Electric 
Company (PLN) grid to monitor and control the 
concentration of the nutrient solution for hydroponic plant 
cultivation using two Nutrient Film Technique (NFT) 
tables based has been proposed in [2]. Each table was 
installed with monitoring and controlling of nutrition 
solution concentration devices which transmit the data to 
server through wireless sensor network. The results 
showed that the EC-meter sensor was able to read the 
density of the nutrient solution with a relative error 
percentage of 3.92%. Node 2 was able to produce a faster 
threshold data transmission than node 1 with a delay for 
node 2 of 34.68 seconds and a delay for node 1 of 40.01 
seconds. Node 1 was able to result in a better control 
accuracy of nutrient solution concentration at 96.12% 
compared to node 2 at 92.79%. The weakness of this 
model was the performance of monitoring and control 
depending on temperature and the distance between the 
node and the coordinator. The higher the system 
temperature, so its performance also decreases. The 
farther the distance between the node and the coordinator, 
the loss of data transmission also will be greater. 
The nutritional control, water temperature, water 
volume, environmental temperature, pH, and humidity on 
the hydroponic system using the website has been 
implemented in [3]. The control of this prototype used the 
Node MCU esp 8266 v3 microcontroller. Data 
communication between hardware and software used 
wireless media. Temperature reading system water using 
the DS18B20 sensor, the water level using the HC-SR04 
ultrasonic sensor, and the nutrition level measured by the 
nutrition solution sensor. This device was designed to be 
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able to monitor and control the hydroponic system at 
nutrient temperatures at 23°C-27°C, water height limits 5-
10 cm and nutrient levels at the 600-800 ppm limit. The 
weakness of this research was that it still operates using 
the website browser menu so that it requires internet 
access to monitor and control all parameters through this 
prototype model. The design of PV modules as a power 
source for DC pump and compared by AC pump to 
control water flow that supplies nutrients to NFT-type 
hydroponic plants has been proposed in [4]. This model 
showed that the use of solar panels and DC pumps to flow 
water to hydroponic plants is relatively more economical 
than an AC pump. However, the DC pump was not able 
to operate continuously, and to overcome this problem 
then the researchers proposed an AC pump using a DC-
AC inverter to drain water in the hydroponic system.  
Control of pH and nutrition water levels in the 
hydroponic system of chili plants using Arduino Uno with 
microcontroller ATmega16 U2 has been observed in [5]. 
This prototype was capable of controlling a pH level 
between 6-6.5 and a nutrition water level between 6-8 cm. 
The prototype of measuring and controlling water volume 
and water pH levels in hydroponic system using ultrasonic 
sensor and pH sensor with Arduino Uno have been 
proposed in [6]. The proposed system was capable of 
controlling water level between 10-14 cm and water pH 
between 5.5-7.5. The prototype of the EC control and 
water volume on hydroponic system using fuzzy logic has 
been observed in [7]. Fuzzy logic control using the EC 
sensor was able to control EC between 110-2000 µS/cm 
and generate good performance with an average error of 
1.91%. This model was also able to control the volume of 
water between 10-100 mL with an average error of 1.87%. 
Nevertheless, the drawback of prototype model in 
[2,3,5,6,7] was completely dependent on grid electricity 
so that if there is a supply disruption at the source side, the 
control and monitoring of hydroponic system will not be 
able to function normally. 
This research will implement the prototype model to 
monitor and control the pH levels and nutrition plant 
supplied by a 100 watt-peak (Wp) standalone PV panel-
connected battery on greenhouse hydroponic systems. 
The two sensors are connected to the Arduino Uno circuit 
as a relay control to drive four pumps, i.e. the water flow 
pump, EC pump, pH up pump, and pH down pump. The 
greenhouse function to control pests and environmental 
temperatures so that hydroponic plants can grow in an 
appropriate environment. The paper is arranged as 
follows. Chapter II presents the proposed research model, 
flow chart, PV module concept, greenhouse, Arduino 
Uno, relay circuit, pH sensor, EC sensor, liquid crystal 
display (LCD). Chapter III presents the results and 
discussion i.e. the design of monitoring and control 
systems for pH and EC levels, measurement and 
validating the PV and battery module voltages, 
measurement and validating pH sensor, measurement and 
validating EC sensor as well as analyzing the performance 
measurement result of pH sensor and EC sensor in 
greenhouse hydroponic plant systems. Finally, the paper 
is concluded in Chapter IV. 
 
II. METHODOLOGY 
A. Research Method 
The monitoring and control system for pH and EC 
nutrition in the hydroponic greenhouse prototype consists 
of a combination of hardware and software. The hardware 
design consists of a PV module, battery (Lithium-Ion), pH 
sensor, and EC nutrition sensor combined with Arduino 
Uno software connected to four relays. These relays 
function to control the water flow pump, nutrient pump 
(EC), pH-up pump, and pH-down pump. The block 
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Figure 1. Proposed research model 
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Figure 2. Research flowchart 
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Figure 1 shows the proposed research model. This 
proposed model is called the monitoring system for pH 
and plant nutrition in a greenhouse hydroponic system 
using Arduino Uno. The 100 Wp standalone photovoltaic 
(PV) module charges the battery (Lithium-Ion). After the 
battery is fully charged, the EC sensor and PH sensor will 
work. The Arduino Uno circuit with a 20 × 4 LCD display 
will then order four relays i.e. water flow pump, nutrient 
(EC) pump, pH-up pump, and pH-down pump to work to 
control the hydroponic system in a greenhouse based on 
the coding which has been written previously on Arduino-
Uno. Figure 2 shows the research flowchart. The research 
starts with the sensor reading the PV module output 
voltage. If the battery voltage is less than 12 V, the PV 
power will charge previously the battery. Then, the 
battery voltage sensor will work logically if the battery 
voltage is less than 12 V, then the water flow pump will 
work. Whereas if the battery voltage exceeds 12 V, the 
system will shut down. After the water pump starts, the 
nutrition sensor (EC) will work logically if the EC is less 
than 1 then the EC pump will turn On and if the EC is 
greater than 2 then the EC pump will turn Off. 
Furthermore, the pH sensor works to monitor the pH level 
of the water. If the pH level is below 7 then the PH pump 
down will work (On), conversely if the pH level is above 
7 then the pH up pump will work (On). 
 
B. Modelling Photovoltaic 
The equivalent circuit of PV is shown in Figure 3. It 
consists of several PV cells which have external 







Figure 3. Equivalent circuit of PV panel 
 
The V-I characteristic is shown in Eq. (1): 
 
𝐼 = 𝐼𝑃𝑉−𝐼𝑜 [𝑒𝑥𝑝 (
𝑉+𝑅𝑆𝐼
𝑎 𝑉𝑡
) − 1] −
𝑉+𝑅𝑆𝐼
𝑅𝑃
                  (1) 
 
Where 𝐼𝑃𝑉 is PV current, 𝐼𝑜 is saturated re-serve 
current, 'a' is the ideal diode constant, 𝑉 = 𝑁𝑆𝐾𝑇𝑞
−1 is 
the thermal voltage, 𝑁𝑆 is a number of series cells, 𝑞 is the 
electron charge, 𝐾 is Boltzmann constant, 𝑇 is 
temperature pn junction, 𝑅𝑆 and 𝑅𝑃  are series and parallel 
resistance of solar panels. 𝐼𝑃𝑉  has a linear relationship 
with light intensity and also temperature variation. 𝐼𝑜  is a 
dependent value on the temperature variation. Eq. (2) and 
Eq. (3) are the calculation of 𝐼𝑃𝑉  and 𝐼𝑜 values: 
 
𝐼𝑃𝑉 = (𝐼𝑃𝑉,𝑛 + 𝐾𝐼𝛥𝑇)
𝐺
𝐺𝑛





                                    (3) 
 
Where, 𝐼𝑃𝑉,𝑛, 𝐼𝑆𝐶,𝑛, and 𝑉𝑂𝐶,𝑛 are the photovoltaic 
current, short circuit current, and open-circuit voltage 
under standard conditions (𝑇𝑛 = 25
0𝐶 and 𝐺𝑛 =
1000 𝑊/𝑚2), respectively. The 𝐾𝐼 value is the 
coefficient of short circuit current to temperature, 𝛥𝑇 =
𝑇 − 𝑇𝑛 is temperature deviation from standard 
temperature, 𝐺 is the light intensity and 𝐾𝑉 is coefficient 
of open-circuit voltage ratio to temperature. Open circuit 
voltage, short circuit current, and voltage-current related 
to maximum power are three important values of I-V 
characteristics of PV panel. These points are changed by 
variation in atmospheric conditions. By using Eq. (4) and 
Eq. (5) derived from the PV model equation, short-circuit 
current and open-circuit voltage can be calculated under 
different atmospheric conditions. 
 
𝐼𝑆𝐶 = (𝐼𝑆𝐶 + 𝐾𝐼𝛥𝑇)
𝐺
𝐺𝑛
                                           (4) 
 
𝑉𝑂𝐶 = (𝑉𝑂𝐶 + 𝐾𝑉𝛥𝑇)                                            (5)  
 
C. Green House 
The greenhouse is a frame or corrugated building 
covered with a clear or translucent material that can 
transmit light optimally for production and protect plants 
from climatic conditions that are detrimental to plant 
growth. The cultivating of plants in a greenhouse has the 
advantage of a more controlled microenvironment and 
uniformity of production for each plant. The functions of 
a greenhouse include managing plant growth schedules, 
increasing production yields, minimizing pesticides, 
increasing production quality, assets, and performance, as 
well as a means of agro-tourism [6]. 
 
D.  Arduino Uno 
Arduino-Uno is an electronic board containing an 
ATMega328 microcontroller, which is a chip that 
functionally acts like a computer. This device is used to 
realize electronic circuits from simple to complex. LED 
control to robot control can be implemented using this 
relatively small board. In the health sector with the 
addition of certain components, this tool can be used to 
monitor the condition of patients in the hospital and 
control equipment at home [7]. Figure 4 shows the 
Arduino Uno model. 
 
Figure 4. Arduino Uno model 
E. Relay Circuit 
The relay circuit is a link between the Arduino Uno 
circuit with the water flow pump, nutrient pump (EC), pH-
up pump, and pH-down pump to work on controlling the 
greenhouse hydroponic system based on the coding 
previously programmed on Arduino-Nano. Figure 5 
shows a relay circuit on the greenhouse hydroponic 
system. 
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Figure 5. Relay circuit 
 
F. Sensor Electrical Conductivity 
The Electrical Conductivity (EC) sensor is used to 
measure the concentration of a solution for example 
hydroponic nutrient solution which is expressed in units 
of miliSiemens per centimeter (mS/cm). The EC-meter is 
an alternative measurement device to the Total Dissolved 
Solids (TDS)-meter to measure the concentration of a 
hydroponic nutrient solution expressed in units of parts 
per million (ppm) [8]. The EC value affects the rate of 
nutrition absorption by plants, the greater the EC value, 
the faster the absorption of nutrition by plants and vice 
versa if the EC value is smaller, the absorption of nutrition 
will be slow [9]. The series of EC sensors installed in the 
greenhouse hydroponic system is connected to the 
Arduino-Uno, using the IDE software and libraries in the 




























































Figure 6. EC sensor circuit 
G. Sensor pH  
The pH sensor is an instrument for measuring the 
concentration of hydrogen in a solution. The pH sensors 
for water and for soil need to be calibrated periodically so 
that the accuracy of the measurement is guaranteed. The 
series of pH sensors installed in the greenhouse 
hydroponic system is connected to the Arduino-Uno, 
using the IDE software and libraries in the Arduino Uno. 




























































Figure 7. The pH sensor circuit 
H. Liquid Crystal Display 
Liquid Crystal Display (LCD) is a type of display 
media that uses liquid crystals as the main display. LCD 
has been used in various fields, for example in electronic 
devices, such as televisions, calculators, or computer 
screens. The LCD circuit that is installed with a 
greenhouse hydroponic is connected to the Arduino-Uno, 
using the IDE software and libraries in the Arduino Uno. 
























































































Figure 8. LCD circuit 
III. RESULTS AND DISCUSSION 
Figure 9 shows the implementation of a monitoring 
system for pH and plant nutrition in a greenhouse 
hydroponic system using Arduino Uno. Figure 9.a shows 
(1) Arduino-Uno Controller, (2) Solenoid Valve, (3) 
Hydroponic Plant, (4) Nutrition EC, (5) pH-up, and (6) 
pH-down. Figure 9.b. shows nutrient water and sensors. 
Figure 9.c shows the PV module connected to a battery 
(Lithium-Ion). The working mechanism of this prototype 
is started by the sensors read the output voltage of the PV 
module. If the battery voltage is less than 12 V, the PV 
output power will charge the battery. In this condition, the 
battery voltage sensor will work and the water pump will 
also work. After the water pump starts then the EC sensor 
also works, with logic if the EC level is greater than 1 then 
the EC pump will turn on and if the EC level is less than 
2 then the EC pump will shut down. Furthermore, the pH 
sensor works to monitor the PH level of the water. If the 
PH level is below 7 then the PH-down pump will work 
(On), otherwise if the pH level is above 7 then the pH-up 
pump will work (On). To obtain better monitoring and 
control system performance, a number of validation 
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measurements are carried out i.e. PV voltage, battery 







Figure 9. Implementation of a monitoring system for pH and 
plant nutrition in a greenhouse hydroponic system 
 
Table 1. Measurement of PV voltage 





1 5.00 5.07 1.400 
2 7.00 7.10 1.429 
3 9.00 9.09 1.000 
4 12.00 12.08 0.667 
 
 
Figure 10. Measurement of PV voltage 
Table 1 and Figure 10 show the PV voltage 
measurement using a voltmeter and a PV voltage sensor. 
The first measurement with a voltmeter produces a PV 
voltage of 5 V, while the measurement uses a sensor as 
5.07 V. The fourth measurement with a voltmeter 
produces a PV voltage of 12 V, while the measurement 
uses a sensor as 12.08 V. The four measurement results 
show that the PV voltage sensor produces a measurement 
accuracy close to the same compared to measurements 
using a voltmeter with a maximum error of 1.429% or 
already below 5%.  
Table 2 and Figure 11 show the battery voltage 
measurement using a voltmeter and a battery voltage 
sensor. The first measurement with a voltmeter produces 
a PV voltage of 5 V, while the measurement using a 
sensor resulting of 5.10 V. The fourth measurement with 
a voltmeter produces a PV voltage of 12 V, while the 
measurement using a sensor resulting of 12.07 V. 
 
Table 2. Measurement of battery voltage 





1 5.00 5.10 2.000 
2 7.00 7.06 0.857 
3 9.00 9.09 1.000 
4 12.00 12.07 0.583 
 
 
Figure 11. Measurement of battery voltage 
The four measurements on Table 2 and Figure 11 
show that the battery voltage sensor produces a 
measurement accuracy close to the same compared to 
measurements using a battery with a maximum error of 
2% or already below 5%. PH sensor measurements are 
carried out to ensure the sensor can run properly because 
it can affect pH measurements when monitoring 
equipment is applied to hydroponic plants in greenhouse. 
Figure 12 shows pH measurements using a digital pH-
meter. Figure 13 shows pH measurements using a pH 
sensor. Table 3 shows the measurements of water pH 
using a digital pH meter and pH sensor. Figure 13 shows 
the comparison of the pH of the water using a digital-




Figure 12. pH measurement using digital-meter 
 
Figure 13. pH measurement using sensor 
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Table 3 Measurements of water pH using a digital pH meter 











1 4.00 4.0 0 4.33 8.250 




Figure 14. Comparison of the pH water using a digital-meter 
and sensor 
 
Table 3 and Figure 14 show that on first 
measurement the pH value of water is 4, read by digital 
pH meter and pH sensor of 4.0 and 4.33, respectively. 
Otherwise, on the second measurement shows that the pH 
value of the water is 6.86, which is read by a digital pH 
meter and a pH sensor of 6.8 and 6.76, respectively. Table 
3 shows that measurements using a digital pH meter and 
a pH sensor are able to give close to the same results. The 
measurement results of digital pH meter with water pH 
below 6 is accurate because they produce an error of 0%. 
Then, the measurement of pH digital meter with water pH 
values between 6-7 is relatively accurate because it 
produces an error of 0.875% or is already below 5%.  
Table 3 and Figure 14 also show that on the first 
measurement results of pH sensors with water pH below 
6 are still inaccurate because they produce an error of 
8.250%. However, on the second measurement of pH 
sensors with water pH values between 6-7 is relatively 
accurate because it produces an error of 1.458% or is 
already below 5%. EC sensor measurements are carried 
out to ensure the nutrition sensor is functioning properly, 
because this indicator will affect the EC measurement of 
the water when the monitoring system is running. Table 4 
shows the measurement of nutrition levels using the TDS 
sensor and the EC sensor. 
 
Table 4. Nutrition measurement using TDS and EC sensors 






1 450 458 1.23 
2 540 542 1.45 
3 760 765 2.05 
4 880 882 2.30 
 
The performance measurement of the pH monitoring 
system is carried out to ensure that the pH of the water can 
be controlled to a degree of acidity between 6-7. This 
range of values is needed to keep hydroponic plant growth 
relatively stable. The measurements are made on a 
hydroponic plant monitoring system, using a relay that 
functions to run the pH pump motor. The function of pH-
Up and pH-Down is to keep the pH of hydroponic plant 
water at the level of 6-7. Table 5 shows the performance 
measurements of the pH sensor. Figure 15 shows the 
measurement of pH-Up performance at 08.00 and 14.00 
hours. 
Table 5. Performance measurement using pH sensor 
Hours Sensor pH pH-Up pH-Down 
08.00 4.33 On Off 
10.00 6.45 Off Off 
12.00 6.76 Off Off 
14.00 7.32 Off On 




Figure 15. Performance measurement of pH-Up at 08.00 and 
14.00 hours 
 
Table 5 and Figure 15 show that at 08.00 the pH level 
is below 6 so that the pH-Up sensor is on. In this 
condition, the solenoid valve will open to drain pH-Up 
water so that the pH value rises to above 6. On the other 
hand, at 10.00, 12.00, 14.00, and 16.00 the pH level is 
above 6 so that the pH-Up sensor is in the Off status. Table 
5 and Figure 15 also show that at 14.00 hours the pH level 
is above 7 so that the pH-down sensor is On. In this 
condition, the solenoid valve will open to drain pH-down 
water to lower the pH value to below 7. On the other hand, 
at 08.00, 10.00, 12.00, and 16.00 hours the pH level are 
already below 7 so that the pH-down sensor is 
automatically in the Off status. 
The performance measurement of EC is carried out to 
ensure that the water nutrition concentration can be 
controlled within a value range of 1-2 mS/cm. The EC 
control is needed to keep hydroponic plant growth 
relatively stable. The measurements are made on the 
hydroponic plant monitoring system, using a relay that 
functions to run the EC pump motor. Table 6 shows the 
performance measurements using an EC sensor. Figure 15 
shows the measurement of EC at 08.00 and 16.00 hours. 
 
Table 6. Performance measurements using EC sensor 
Hours Sensor EC EC-Up 
08.00 0.59 On 
10.00 1.45 Off 
12.00 1.28 Off 
14.00 1.32 Off 




Figure 16. Performance measurement of EC sensor at 08.00 
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Table 6 and Figure 16 show that at 08.00 hours the 
level of EC nutrition is still below 1 so that the EC-Up 
sensor is On. In this condition, the solenoid valve will 
open to drain EC water and raise the pH level to above 1. 
On the other hand, at 10.00, 12.00, 14,000, and 16.00 the 
EC nutrient level is already above 1 so that the EC-Up 
sensor is automatically in the Off status.  
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Note: NA = not available          
Table 7 shows the prototype validation of the 
proposed hydroponic plant monitoring and control model 
compared to the previous seven prototypes. The 
parameters observed were pH level, EC level, high or 
volume water level, temperature level, measurement 
monitoring, hydroponic power supply, real-time 
measurement simulation, and the use of a greenhouse in a 
hydroponic system. In [1], Fitria Hidayanti, et. al have 
proposed Arduino Uno be supplied by Standalone PV-
Battery to control the pH level and nutrient water level 
which their values monitored in real-time using an LCD. 
This prototype was able to control the pH level between 
6-8 and the nutrition water level between 18-20 cm. In [2], 
Helmy, et. al. have proposed a Nutrient Film Technique 
supplied by the Indonesia Electric Company (PLN) grid 
to control the EC level of 1.4 ms or 700 ppm whose value 
was monitored wirelessly by the website. In [3], Yuga 
Hadfridar Putra, et.al have proposed the Arduino Uno be 
supplied by the PLN Grid to control the EC level, nutrition 
water high level, temperature, and its value to be 
monitored wirelessly by the website. This prototype was 
able to control the EC level between 600-800 ppm, a high 
level between 5-10 cm, and a temperature level of 230-270 
C. The weakness of the prototype model in [2,3] was that 
it still used a database so that the measurement of 
performance parameters on both hydroponic systems still 
has a time delay. In [4], David Setiawan et.al have 
proposed Nutrient Film Technique to be supplied by 
Standalone PV-Battery. The weakness of this prototype 
only regulated the power supply from the PV-battery to 
the hydroponic system prototype and was still unable to 
control and monitor system performance parameters. 
In [5], Muhammad Tirto Utomo, et. al proposed 
Arduino Uno using Microcontroller ATMega16 U2 be 
supplied by the PLN Grid to control the pH level, nutrient 
water level, and its value was able to be monitored in real-
time using an LCD. This prototype was able to control the 
pH level between 6-6.5 and the nutrition water level 
between 6-8 cm. In [6], Muhammad Fakhruzzaini, et. al 
have proposed Arduino Uno using the ATMega328 
Micro-controller supplied by the PLN grid to control the 
pH level between 5.5-6.5 and the nutrition water level 
between 10-14 cm, and the value is monitored in real-time 
with a 16 × 2 LCD. In [7], Ahmad Rifai, et.al have 
proposed Arduino Uno using the Fuzzy Logic Controller 
supplied by the PLN Grid to control the EC level and 
nutrition water level and its value to be monitored real-
time using a 16 × 2 LCD. This prototype was able to 
control EC levels between 110-2000 µS/cm and nutrition 
water volume between 10-100 mL. In this study, the 
authors propose Arduino Uno using a Microcontroller 
ATMega328 supplied by Standalone PV-Batteries to 
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control pH and EC levels and monitor their values in real-
time using a 20 × 4 LCD. This prototype was able to 
control pH levels between 6-7 and EC levels between 1-2 
mS/cm. The advantage of the proposed model is that the 
character of the LCD is wider so that besides being able 
to display pH and EC parameter measurements, it is also 
able to display data on temperature, time, PV voltage, 
battery voltage, and TDS value. The proposed hydroponic 
system prototype also has been in the form of a 
greenhouse to keep the plant growth process taking place 
in the desired environmental conditions and at the same 
time preventing attacks from pests and diseases.     
IV. CONCLUSION 
The prototype model to monitor and control the pH 
levels and EC nutrition plant supplied by a standalone PV 
module-connected battery on greenhouse hydroponic 
systems has been implemented. The two sensors are 
connected to the Arduino Uno and relay control to drive 
four pumps, i.e. the water flow pump, EC pump, pH up 
pump, and pH down pump. The prototype model is able 
to monitor and control the pH of hydroponic plant water 
at the level between 6-7 using pH-up and pH-down 
sensor. This model is also able to monitor and control 
nutrition plant water over 1 mS/cm using EC sensor. The 
advantage of the proposed model is that the character of 
the 20 × 4 LCD is wider so that besides being able to 
display pH and EC parameter measurements, it is also 
able to display data on temperature, time, PV voltage, 
battery voltage, and TDS value. The proposed hydroponic 
prototype system also has been in the form of a 
greenhouse to keep the plant growth process taking place 
in the desired environmental conditions and at the same 
time preventing attacks from pests and diseases. The 
implementation of the EC sensor is only able to control 
the EC value if the value is less than 1 mS/cm. On the 
other hand, optimal plant growth in a hydroponic 
greenhouse system requires controlled EC values between 
1-2 mS/cm. The use of an EC-down sensor to control the 
EC value so as not to exceed the 2 mS/cm value is 
proposed as future work to overcome this problem. 
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